Abstract -Pollen traps are used by beekeepers to collect pollen harvested by honeybees. Here, we set up an experiment to evaluate whether pollen traps are a risk factor involved in the development of the chronic bee paralysis, a viral honeybee disease affecting adult bees and transmitted by contact. After a recent episode of chronic bee paralysis in an apiary, pollen traps were installed on three hives while two hives without pollen traps were used as control. During the experiment, the chronic bee paralysis virus (CBPV) loads in foragers from the control hives remained lower than 10 8 equivalent copies of CBPV genome per bee but were higher than 10 10 equivalent copies of CBPV genome per bee in the many symptomatic bees and in the hundreds of dead bees found in front of trap hives. Clinical signs of the disease persisted for 3 weeks at the entrance of the trap hives. These signs disappeared after the pollen traps were removed, accompanied by a decrease in the viral loads in foragers. Despite the small number of colonies examined, the results of this study suggest the impact of pollen traps on the relapse of chronic paralysis outbreaks in colonies infected by CBPV.
INTRODUCTION
The causes of honeybee colony losses and weakening remain unclear, certainly due to complex processes involving various stressors (Potts et al. 2010) . These stressors, which can be pathogens (viruses, bacteria, parasites, and fungi), pesticides, inadequate nutrition due to monocropping, or poor colony management, are thought to contribute to mortality and weakening of honeybee colonies. Understanding how the various stressors interact can provide tools for improving honeybee colony health (Chauzat et al. 2016) .
The chronic bee paralysis virus (CBPV) was isolated in 1963 (Bailey et al. 1963) and is recognized as one of the honeybee viruses affecting the health of honeybee colonies around the world (Allen and Ball 1996; Blanchard et al. 2009) . CBPV is the etiological agent of chronic bee paralysis, affecting adult honeybees. The clinical signs include trembling bees, bees crawling on the ground, bees rejected at the hive entrance by the guards, bees with bloated abdomens, and hairless bees becoming dark and shiny (Ribière et al. 2010) . Outbreaks of severe disease (leading to massive losses of foragers) are sporadic, but appear more frequently in spring and summer during the peak of colony (Ribière et al. 2010) . High mortalities of hundreds of bees in front of the hive and the observation of trembling bees can be confused with the signs of intoxication. This risk of confusion underlines the need to perform discriminating diagnoses and to better understand the conditions that favor the onset of this disease. Like other honeybee viruses, CBPV generally persists as a covert infection in honeybee colonies (De Miranda et al. 2013 ) and factors favoring the chronic paralysis disease have not been completely identified. This disease is known to be favored by confinement of honeybees inside hives, increasing the contact between sick bees and healthy bees (Ball and Bailey 1997) . In experimental studies, the virus is also transmitted by contact with infected feces ). Furthermore, experimental infection is enhanced via virus contact directly with the shaved cuticle of honeybees (Ribière et al. 2010 ). Therefore, natural or artificial alteration of cuticle integrity appears to be a factor potentially influencing honeybee health.
During the last decade, human consumption of and demand for pollen has been increasing, because consumers consider it to be a natural health product (Denisow and Denisow-Pietrzyk 2016) . To collect pollen, beekeepers install pollen traps that force foragers laden with pollen to go through a screen at the hive entrance. The screen scrapes some of the pollen pellets from the corbicula and the pellets fall in a collecting tray under the hive entrance. For bees, pollen is required to satisfy the dietary requirements of developing larvae and young adult bees including protein (amino acids), fats/lipids, vitamins, minerals, and sterols (Di Pasquale et al. 2013; Scofield and Mattila, 2015) . High efficiency pollen traps may reduce brood rearing after prolonged use. Prolonged use of pollen traps is also suspected to encourage the onset of chronic paralysis outbreak (ITSAP 2014) .
In the present study, we tested the hypothesis of an interaction between pollen traps and CBPV by surveying the clinical signs and viral load in honeybees (Apis mellifera ) from naturally CBPVinfected colonies fitted with pollen traps.
MATERIAL AND METHODS

Experimental design
In April 2014, cases of chronic bee paralysis were detected in the ANSES apiary at Sophia Antipolis, located in southeastern France. One month later, five hives were selected for the study. Pollen traps (Percie du Sert model, Icko, France) were installed on three hives (trap hives) and two hives without traps were chosen as control hives.
A plastic tarp was placed on the ground in front of the hives to collect the dead bees (Figure 1 ). Within each treatment group, the hives were separated from each other by a distance of 2 m. About 10 m separated both groups to reduce the drifting of foragers between both groups. After 23 days, the pollen traps were removed from the three trap hives for an additional 19 days of observation. Clinical signs were recorded and samples were collected at the beginning of the study, 15 days later, and every week until the end of the study. Mortality between two visits (day 0, 15, 23, 29, 35, and 42) was evaluated by estimating the number of dead bees on the plastic tarp. Three levels were used to describe mortality: level 1, less than 10 dead bees; level 2, up to 10 and less than 100 dead bees; and level 3, up to 100 dead bees.
Sample processing
The dead bees found in front of the hives, the bees resting on the flight board, emerging bees, and sealed brood were sampled and transferred to the laboratory within 1 h. The samples were placed in sterile flasks and stored at − 78°C until processing. Ten bees (or larvae) from each sample were pooled and crushed as previously described ). RNA purification, cDNA synthesis, and real-time PCR were carried out for the quantification of CBPV RNA as previously described by (Blanchard et al. 2012) . The viral load in honeybees (or larvae) was expressed in equivalent copies of CBPV genome per individual (CBPV/individual) taking into account the number of bees (or larvae) tested and the recovery rate at each step of the process. According to previous validation trials (Blanchard et al. 2012) , the limit of quantification (LOQ) of the method (RT-qPCR) is 10 3.9 CBPV/bee (3.9 log 10 ; considering a maximum uncertainty of 0.5 log 10 CBPV/bee).
Statistical analyses
The viral loads (log 10 -transformed values) between samples collected in both treatments were compared using a non-parametric test (MannWhitney U test). Statistical analyses were performed using R software (Version 1.0.143 -© 2009-2016 RStudio). Differences were considered significant at P < 0.05.
RESULTS
Clinical signs in bees from experimental colonies
The clinical signs observed in the three trap colonies and the two control colonies are described in Table I . Neither group showed any clinical signs of chronic bee paralysis at the beginning of the study. Only a few dead bees were found on the ground in front of the hives. Fifteen days after installing the pollen traps, the flight boards of the trap hives were occupied by hundreds of foragers. Trembling bees, dark bees, and crawling bees were found among the hundreds of dead bees lying just behind the entrance of these hives. Inside the trap hives, trembling bees were observed on shallow frames and dead bees had accumulated on the bottom of the hives. Trembling bees were again observed 8 days later within the most populous colony (hive number 17). Massive mortalities were found outside and inside of all three trap hives until the removal of the pollen traps. After removing the traps, no trembling bees were observed and very few dead bees were found in front of the hives during the rest of the study. Varroa destructor on larvae and crippled bees were found in two trap colonies (hives 20 and 21) on day 23, 29, 35, and 42.
During the study period, no trembling symptoms or massive mortalities were observed in either control hive (Table I) . However, a few dead bees were found in front of one control hive (control hive 7 on day 23 and 29). This colony also showed larvae with saccules on day 29, 35, and 42. Clinical signs of varroosis (mites on brood or bees, and/or bees with deformed wings) were found in hive 59 on day 35. Figure 2 shows the average CBPV load in samples of dead bees, foragers, emerging bees, and larvae from control hives (Figure 2a ) and from hives fitted with pollen traps (Figure 2b) . The viral loads quantified in the emerging bees and the larvae collected in both hive groups were most frequently unquantifiable because the data were below the LOQ of the RTqPCR method (< 10 3.9 CBPV/individual). One sample of emerging bees (day 15) and one sample of sealed brood (day 29) were found with CBPV loads higher than the LOQ inside control hives. Inside trapped hives, one sample of emerging bees (day 29) and three samples of sealed brood (days 0, 23, and 29) were found with CBPV loads higher than the LOQ. All foragers and dead bees from the trap and control hives were infected by CBPV at the beginning of the study; their viral loads ranged from 10 6 to up to 10 10 CBPV/bee. The viral loads (up to 10 8 CBPV/bee) quantified in the dead bees collected in front of both hive groups were not statistically different Pollen traps and relapse of chronic bee paralysis in bee hives (P = 0.12). Only viral loads quantified in foragers from both treatments were statically different (P < 0.01). High viral loads were quantified in the foragers collected on the flight board of the trap hives for the period during which the pollen traps were in place. After trap removal, the viral load in the foragers decreased. The viral load in dead bees sampled during the study, in front of the trap hives or the control hives, reached up to 10 8 CBPV/bee. During the first 23 days of the experiment, the viral load gradually decreased in the samples of foragers from the control colonies. A transient increase in the viral load was detected on day 29 in the bees sampled on the flight board of the control hives (viral load less than 10 6 CBPV/bee).
Viral load in bee and larvae samples
DISCUSSION
This limited study carried out during the spring 2014, on five honeybee colonies naturally infected by CBPV strongly suggests that the use of pollen traps can induce a relapse in clinical signs of chronic bee paralysis and kept at high level the viral load of CBPV in foragers (up to 10 10 CBPV/bee).
The colonies selected for the study had been naturally infected by CBPVand had shown clinical signs of chronic bee paralysis (trembling bees, black bees, crawling bees, and massive mortalities in front of the hives) 1 month prior to the beginning of the experiment. At the beginning of the study, the colonies were apparently healthy and few dead bees were found in front of each hive. However, the viral loads greater than 10 8 CBPV/bee indicate that CBPV infected all colonies, and especially the foragers sampled in the five colonies.
Fifteen days after the installation of the pollen traps, the clinical signs of the disease and excess mortalities were clearly observed in the three trap hives, whereas the two control hives remained healthy. The clinical signs of the disease may have occurred before day 15. Experimentally, we have previously shown that clinical signs of CBPV can be observed 5 days after inoculation of CBPV Youssef et al. 2015 ), but we did not expect clinical signs at the colony level before day 15. Therefore, future studies should plan for a first visit about 1 week after exposure to the risk factor of clinical disease.
During our study (and notably during the period of pollen trapping), the viral loads in the foragers from trap hives were higher than the viral loads in the foragers from the control colonies d M: Mortality levels with 1 for n < 10 dead bees; 2 for 10≥n ≥100 dead bees; 3 for n >100 dead bees (P < 0.01). The viral loads quantified in the dead bees from control and trap hives were greater than 10 8 CBPV/bee in both groups. As previously reported ), viral loads in emerging bees or sealed brood remained lower than in adult bees in both control and trap hives. Despite the non-parametric test indicates significant differences in viral loads between foragers from both treatments, definite conclusions may require studies involving a larger number of colonies. The effect of pollen traps on mortality was clearly observed in the number of dead bees.
Although the dead bees were sometimes blown off the plastic tarp by the wind (and/or predated by ants), the number of dead bees found in front of the trap hives was clearly higher than the number of dead bees found in front of control hives. Precision in the dead bee count can be improved by placing a collecting device at the entrance of the hive (Pérez et al. 2001) .
The transmission of CBPV by contact can be experimentally reproduced by infecting honeybees with CBPV-infected feces or with a viral suspension spotted on shaved (hairless) cuticles Figure 2 . CBPV loads quantified in honeybee samples collected from two control hives (a ) and three hives fitted with pollen traps (b ). Dead bees (individual loads: ■; average load: black line) were collected outside the hives on the ground. The foragers (individual loads: Δ ; average load: black dashed line) were collected on the flight board. Emerging bees (individual loads: ×; average load: gray line) and sealed brood (individual loads: +; average load: gray dashed line) were sampled inside the hives. The CBPV load was quantified in pool of ten individuals using RTqPCR. The results are expressed as log 10 of CBPV RNA copies detected per individual. The pollen traps were installed between day 0 and 29. The shaded zone (between 0 and 4 log 10 CBPV per individual) indicates the limit of quantification of the method (with an uncertainty over 0.5 log 10 CBPV per individual).
Pollen traps and relapse of chronic bee paralysis in bee hives (Ribière et al. 2010) . The screens of the pollen traps may favor the occurrence of the clinical paralysis in two ways. First, the screens themselves may be infected by CBPV-infected foragers and subsequently transmit the virus horizontally by abrasion of the cuticle of healthy bees. Second, the screens impede the expulsion of the dead bees that accumulate inside the hive, which may promote colony contamination. The confinement of infected bees inside the hive may explain also the clinical cases of chronic bee paralysis observed in populous colonies after a few days of rain; increased contact between bees that remain confined in the hive consequently increases the number of infected bees (Ribière et al. 2010) .
Honeybees and especially the guards try to expulse the symptomatic bees from the colony that fall on the floor at the hive entrance where they die (Ribière et al. 2010) . However, CBPV can be spread to neighboring colonies by drifting of infected foragers. Drifting likely occurred during this study on day 29. CBPV-infected bees detected on the flight board of control hives may have been foragers rejected from the trap hives that were only 10 m away. Although CBPV infects the central cortex of honeybees (Olivier et al. 2008) at the first stage of the disease, the foragers can fly back to the colony or, rejected by the guards from their own colony, may nevertheless be able to fly to neighboring colonies. The guards in contact with infected bees are thus exposed to CBPV , increasing the risk of virus spread to the entire colony. Hence, an apiary with colonies close together could be considered, for this disease, as an epidemiological unit in which the virus can be transmitted from one colony to another by drifting of the honeybees. Recommendations provided to reduce drifting (i.e., distance between hives, orientation of the hive entrances; Pfeiffer and Crailsheim 1998) may reduce the expansion of the chronic bee paralysis in apiaries.
During this study, the clinical signs of chronic bee paralysis did not induce the losses of the trap colonies. The mortalities observed outside and inside the hives during this study, as well as the clinical signs previously described for the chronic bee paralysis, cannot be confused with cases of colony collapse disorder (CCD) because in CCD, there are no dead bees (Cox-Foster et al. 2007; Stokstad 2007) . Other viruses such as acute bee paralysis virus or related viruses (Kashmir bee virus and Israeli acute paralysis virus) and deformed wing virus (DWV) are pathogens that a r e p o t e n t i a l l y a s s o c i a t e d w i t h C C D (Chejanovsky et al. 2014; Cox-Foster et al. 2007; Dainat et al. 2012 ). Co-exposure of the honeybees to several stressors (biotic or abiotic) can impair colony health (Goulson et al. 2015) . This study suggests that colony strength may be reduced by chronic bee paralysis (and pollen deficiency associated with the prolonged use of pollen traps), making it more sensitive to intercurrent pathogens. The colonies of the control hives seemed to be less sensitive to Varroa destructor and/or other viral infections (crippled bees and larvae with saccules being associated with DWV or sacbrood virus infections, respectively). Despite the detection of clinical signs of other bee diseases, the control colonies seemed stronger at the end of the study than the colonies from the trap hives, even hive 17 which was the strongest colony at the beginning of the study. The use of robust methods to assess the level of mite infestation and to evaluate the honey bee activity over time would describe with a better accuracy the strength of the colonies (Dietemann et al. 2013; Maisonnasse et al. 2016) . Moreover, the assessment of effects of supplementary stressors on the susceptibility of honeybees to CBPV would require larger sample sizes. The difficulties would be to find enough colonies infected by CBPV to be included in next studies.
Each year, our laboratory collects pollen for its own purposes. The year after this study, we did not observe clinical signs of chronic bee paralysis in the foragers from eight trap hives (data not shown). The foragers of each trap hives, sampled the day of installation of pollen traps and 14 days later, were negative for CBPV by RT-qPCR (data not shown). Therefore, clinical cases of chronic bee paralysis are not systematically associated with the use of pollen traps. CBPV is the etiological agent of a contagious disease. Without infectious virus particles to contaminate the pollen trap or enough infected bees contaminating the pollen traps and /or dying inside the colony, the disease does not occur.
A recent study shows that teaching good beekeeping practices to beekeepers and identifying diseases is an important factor in good colony health (Jacques et al. 2017) . Therefore, we recommend collecting pollen only from apparently healthy colonies (never after a recent case of chronic bee paralysis) and installing pollen traps for only a short period of time, removing them as soon as clinical signs are observed and particularly when dead bees are accumulating outside or inside the hive. In addition, pollen traps must be thoroughly cleaned and disinfected before use. Pollen traps could promote other diseases transmitted by contact. Therefore, these recommendations could favor the overall health of the colony.
